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Abstract 

We study a scalar field with non-minimal kinetic coupling to itself and to the 
curvature. The slow rolling conditions allowing an inflationary background 
have been found. The quadratic and Higgs type potentials have been consid- 
ered, and the corresponding values for the scalar fields at the end of inflation 
allows to recover the connection with particle physics. 



1 Introduction 

The latest astrophysical observations p] account for the fact that the universe is ho- 
mogeneous, isotropic and spatially flat, at large scales, i.e. at cosmological scales, the 
observable universe looks surprisingly smooth, except for a tiny fluctuations. Accord- 
ing to this, the universe is well described by a Friedmann-Robertson- Walker (FRW) 
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spatially flat geometry, which depends on a single scale factor. The the homogeneity 
and isotropy imply that all points swept by the CMB observations should have been 
in causal contact, with a high degree of accuracy, at very early times. Besides this, 
there is the problem of the current spatial flatness, which requires an extremely fine 
tuning of the spatial curvature at very early times. These problems can not be solved 
in the frame of the Einstein gravity with the standard model particle physics as the 
only source. The most studied solution to the above problems lies in the phenomenon 
known as inflation [2J, [3], [I], [5], [6]. The inflation is seen as a rapid expansion of 
the early time universe, which solves the homogeneity, isotropy and flatness problems. 
During this inflation era, the universe was filled with essentially a homogeneous scalar 
field, called the inflaton, with a potential dominating the energy density of the uni- 
verse, and decreasing slowly with time as the scalar field rolled slowly down the slope 
of the potential. Among others, one of the virtues of inflation is that it can set the 
initial conditions for the subsequent hot big bang, which otherwise have to be im- 
posed. By other hand, fundamental scalar fields are not yet discovered in nature, 
but they appear in different extensions of the standard model, involving grand uni- 
fied theories, supersymmetry, string theory, higher dimensional gravity theories, etc. 
Inflaton properties are constrained by the observations of fluctuations of the Cosmic 
Microwave Background (CMB) and the matter distribution in the universe. So in 
principle the hypothesis of inflation represents a theoretical problem that still to be 
solved. Initially, the inflation has been realized by a minimally coupled scalar field 
[TJ, but the hypothesis of inflation might well be realized by many other models like 
kinetic inflation [8]; vector inflation [9], [TU], [UJ; inflaton potential in supergravity 
[T2] . [T3] , [T4] ; string theory inspired inflation [15J, to mention some of them. 
In the present work, we concentrate in a class of models with non-minimal coupling 
to gravity, specifically in a scalar field model whose kinetic term is non-minimally 
coupled to gravity and to the scalar field [16J. This kind of couplings appear as low 
energy limit of several higher dimensional theories (see section 9.5 in [5]), and pro- 
vide a possible approach to quantum gravity from a perturbative point of view [UJ . 
A coupling between curvature and kinetic terms also appears as part of the Weyl 
anomaly in N = 4 conformal supergravity (i.e. as a part of the action of the N = 4 
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conformal supergravity) [HI [19], as quantum corrections to Brans-Dicke theory [20] 
and in different frames in modified gravity [21J. A model with non-minimal derivative 
couplings was proposed in [22], [23], [23] in the context of inflationary cosmology, and 
recently, non-minimal derivative coupling of the Higgs field was considered in |25j, 
also as inflationary model. In [26] a derivative coupling to Ricci tensor has been 
considered to study cosmological restrictions on the coupling parameter, and the role 
of this coupling during inflation. Some asymptotic solutions for a non-minimal ki- 
netic coupling to scalar and Ricci curvatures were found in [27], and quintessence 
and phantom cosmological scenarios with non-minimal derivative coupling have been 
studied in [28] . The cosmological dynamics of scalar field with kinetic term coupled to 
a product of Einstein tensors, has been analyzed in [29]. An inflationary model with 
non-minimally coupled inflaton and Dirac-Born-Infeld (DBI) kinetic term, has been 
proposed in [30]. In the context of modified f(R) gravity theories, a class of f(R) 
models unifying inflation with late time accelerated expansion have been considered 
in [21], [32], [33], and in the fame of Horava-Lifshitz in [33]. Compared with the mod- 
ified f(R) gravity, in the present model we consider this function f(R) as linear in 
R but we generalize the model permitting extra R^ u coupling with kinetic-like scalar 
term. 

In this paper we consider the possibility of obtaining a slow rolling inflationary back- 
ground with a scalar model whose kinetic term is non-minimally coupled to the scalar 
field and to the curvature [16] . A particular attention will be paid to the quadratic 
and Higgs field inflation, where the corresponding kinetic terms are non-minimally 
coupled to the quadratic (Higgs) field and to scalar and Ricci curvatures. 



2 Field Equations 



We start with the following action 



S = J d xy— g 
1 



-^R{F{4>)d^4>) 



V R^ (F^dyd'cP) - V{(j>) 



(2.1; 
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H 2 =- 
3 



- v 2 + V{4>) + 9£tf 2 F(0)0 2 + 3(2£ + V)HF(<P)<P 2 

... 3 dF ■ ~\ 

- 3(2£ + r,)HF(<f>)<fxf> - ~(2£ + r?)^— 3 



where the dimensionality of the coupling constants £ and rj depends on the type 
of function F(<f)). Assuming the spatially-flat Friedmann- Robert son- Walker (FRW) 
metric 

ds 2 = -dt 2 + a{tf (dr 2 + r 2 dQ 2 ) , (2.2) 

and taking the variation of action (12.11) with respect to the metric, in the flat FRW 
background we obtain the following Friedman equation (see details in [16]) 

' '-+ \ {<:>) ■ %H-h (o)<r + mi + il)hll: (o)<T 

(2.3) 

with the Hubble parameter H = a/a. Variating with respect to the scalar field gives 
rise to the equation of motion 

• dV ... . . 

+ 3H<j) + — + 3(2£ + r])HF{(j))(t> + 3(14f + 5r? )HHF{4> )<f> 
d<p 

+ ^ + n)H (2F{4>)4> + + + V )H 2 (2Fm + (2-4) 

+ 9(4£ + 7])H 3 F(^)<p = 

where the first three terms correspond to the minimally coupled field. In what follows 
we study the cosmological consequences of this equations under some conditions that 
simplify the search for solutions, but nevertheless still showing interesting cosmolog- 
ical solutions. 

First note that the Eqs. (12. 3 j) and (12. 4p significantly simplify under the restriction on 
£ and r\ given by 

77 + 2£ = (2.5) 

This restriction is equivalent to a coupling of the kinetic term to the Einstein tensor 
G^ u (see [23], [21]). In this case the field equations H 2 . 3 1) and (12. 4ft contain only second 
derivatives of the metric and the scalar field. The simplified equations take the form 

H 2 = y (\<P 2 + V^) + ^H 2 F{cj>)A (2.6) 



and 



- + 3H<j) + %- + 3£H 2 ( 2F(0)0 + ^0 2 ) + 18£# 3 F(0)0 + 12£MF(0)0 = (2.7) 
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In what follows we will study the Eqs. (I2.6P and (12. 7p and see how non minimal 
kinetic coupling can be used to obtain an inflating background. 



3 De Sitter and power law solutions 

By restricting the potential in the model (12. ip . we can find de Sitter and power law 
solutions. Let's briefly review these solutions. 

Multiplying the Eq. (12. 7p by <fi, and replacing the product F(0)0 2 from Eq. (12. 6p . 
the Eq. (12 .7p reduces to first order equation with respect to the variables ijj = <fi 2 , H 
and V, and can be written as 



H^j- + (QH 2 -H^jip + - 2 (3H 2 + H^jV + 6^- (3H 2 + 2ij) = (3.1) 

Using the fact that the variables ip and V are separated, we can limit the model to 
the class of potentials that satisfy the restriction 

H^- - (3H 2 + H^jV + 3^ (3H 2 + 2if) = (3.2) 

then, the equation for the field ip significantly simplifies as can be seen bellow 



H-jj- + [6H 2 -H)ip = (3.3) 

By considering a de Sitter solution H = Ho in Eq. (13. 2p . the potential takes the 
simple form V = 3Hq/k 2 + Ce 3Hot (with C as an integration constant), and from 
(13. 3p it follows for the scalar field the solution = ^e~ 3Hot . In terms of the scalar 
field, the potential is of the form 

V=^ + l£l (3-4) 
k z 6H (p 

and the coupling function from (12. 6p becomes 
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In order to make the scalar coupling £F > 0, we can take £ < 0. 



Let's assume the solution a(t) oc t p and replace in Eqs. (13.21) and (13. 3p . Is easy to 
check that a particular solution to Eq. (13. 2p is given by 

V{t) = K *(3p+1) * (3 ' 6) 

which for p > may be considered as asymptotic solution at t — > 0, and the solution 

to Eq. (Q is 

/ 1 \ ~ (6p+1) 

i> = V>o - (3.7) 



where = 0q ^ s ^he integration constant. The scalar field from Eq. (13 .TP is given by 



t 



-3p+l/2 



(3. 



.W 6p-l 

With this solutions the scalar potential (13. 6p . and the coupling function from (12. 6p 
can be written explicitly in terms of the scalar field as follows 

VW = g&f*>(±)* (3.9) 



(3p + 1) kHI 
and 

2(6p+l) 4 

= 1 (£) - ^ (^ . ,3,0) 

Note that there are not restrictions on the values of p > 1, so the obtained solutions 
for V and F give rise to accelerated expansion. 

All above shows that a power-law potential and a power law-coupling, can lead either 
to exponential or power-law inflation. Despite the fact that we can obtain an infla- 
tionary background of the exponential type a(t) oc e Hot or power-law type a(t) oc t p 
(p » 1), the above solutions permit inflation to continue forever. In the next section 
we study the slow-roll conditions allowing for inflationary solutions. 



4 The slow-roll conditions 

Let's see how the present model meets the slow- roll conditions to obtain an inflating 
background. Analyzing the equations (12.61) and (12. 7p . the slow- roll approximation in 
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our case should be obtained through the following inequalities for a sufficiently slowly 
varying field 

6£H 2 F(<f>) » 1, %H 2 F{<P)tf « V(cf>), (4-1) 

(the election of coefficient 6 instead of 18 will be clear from bellow). The first one 
makes possible to neglect the free kinetic term, and the second allows to reduce the 
Eq. (EBD to 

" 2 = 3^*) (4.2) 

where we used k 2 = Mp 2 , and M~ 2 is the reduced Planck mass (M p = 2.4 x 10 18 Gev). 
By using the third condition from (14.11) (which allows to neglect the last term in Eq. 
( 12. TP with respect to penultimate term), the evolution equation ( 12. 7ft for the scalar 
field can be written in the form 

(1 + 6{H 2 F(<f>)) 4> + (1 + 6ZH 2 F(4>)) 3H^ + ^H 2 ^ 2 + ^ = (4.3) 

and using the first condition from (14. lft this equation can still be reduced to 

6£H 2 F(<P) (i + + HH 2 ^ 2 + ^ = (4.4) 

finally, applying the slow- roll condition <fi « 3H(p and the additional condition 

« §, (4.5) 

it follows that 

Here, the role of the kinetic coupling is seen. The condition ( 14 . 5 ft can be interpreted 
in the following way: multiplying both sides of the inequality by F it follows 

o - \ dF dV 
3£H 2 F(j) 2 ) — « F— (4.7) 



noting that the factor of ^ in this equation, undergoes the second condition in (14. ip . 
is enough with fixing the approximate relation 



7 



which does not enter in conflict with the rest of the conditions, at least when we 
consider power-law behavior for the coupling F and the potential V, which indeed 
are the cases we are going to discuss. 

By other hand, in order to prevent enter in the quantum gravity domain, the con- 
straint R pa 12H 2 << Mp/2 should be observed, which implies for the potential 

M 4 

V{4>) « -f (4.9) 

Let's apply now the above restrictions and verify their consistency. We already know 
that from (14.2)) . the universe enters in a de Sitter phase for a flat enough potential. 
From (H2D and flU]) it follows that 

MlY 



r ~ 6£FHV 

From the second condition in (14. ip . and using (14. 2 p it follows that 



(4.10) 



\ 2 « (4.11) 



and replacing from (I4.10p in ( 14. lip (taking into account (14.2 



V 3 Mp . . 

v3»W (412) 

This last relation is consistent with the definition of the slow-roll parameter e as 

" m 'p v ' 2 

-ff^F (4 ' 13) 

where we have used (14. 2 j) and (14.61) . We can also check the consistency conditions for 
the slow- roll, by taking the derivative of <fi m Eq. (14. 6p . which gives 

•■ / V'H V" V'F' \ ■ 

^ = \6£FH 4 ~ 18£FH 3 + 18CFm~ s ) ^ 

and comparing with the condition <fi « 3H<p, gives consistency provided that 

77 « 1 (4.15) 



V'H' M%V' 2 



18£FH 5 ±£FV 



p ' e«l, 



V" 




Mf,V" 


54£FH 4 




Q£FV 2 
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and the last term in Eq. (I4.14p . can be reduced by using (14. 8 p (replacing F'), to 2e/3. 
Note that by making F = I, £ = w 2 /2, and using the Higgs potential V = |0 4 , the 
results discussed in [25J can be reproduced (in general the Higgs potential is of the 
form V = Vj((fi 2 — v 2 ) 2 , but here is assumed that during inflation >> v). Applying 
to the Higgs potential and taking the coupling function of the form F((f>) = 1/0 2 (see 
[35]). the restriction (I4.12p ) gives 

** » ^ (4-16) 
where £ is dimensionless now. But from ( 14. 9 p it follows that 

4 « <Pt = |f (4.17) 

and therefore, the coupling £ should satisfy £ >> 32 (the critical value C is the limit 
beyond which the quantum corrections become important). The number of e-folds 
during inflation are given by 



' A % end MpV 32M 4 V 7 



where we have used (I4.10p and assumed that the scalar field at the end of inflation is 
a small fraction of 0o- In terms of the critical value C ( I4.17P and considering A ~ 0.2 
and iV ~ 60 we get (0o/0 c ) 4 ~ 3.8 x 10 3 /£. If we take for example 0o/0 c ~ 5 x 10~ 4 
(i.e. 0o ~ 6.25 x 10~ 4 M P according to <KT7} ). then £ ~ 1.5 x 10 18 . This value is not 
over sized as the coupling is given by the product £F ~ £/0o ~ 0.68(10 3 Tet>) -2 . 
In a more general case of power-law potential V = \<f) n /n and maintaining the same 
coupling, the restrictions ( 14. 9 p and (I4.12p become 

which are consistent for £ >> 2n 2 . Applied to the n = 2 case, and making A = m 2 
the number of N- folds from ( I4.18P ) gives the result 
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where we have used (14.91) to define the critical field 0o from the restriction 

f 2 « * - B- < 4 ' 2i) 

For A" w 60, we get (0o/0c) 2 ~ 10 3 /£- Taking for instance 4>o/<f) c ~ 10~ 9 , then 
£ ~ 10 21 , and giving a value for mw5x 10~ 6 Mp, it is obtained 0o ~ 10 _4 Mp and 
the coupling £F becomes of the order of C.F ~ 1.8(10Tet>) -2 . To have an appreciation 
of the scalar field after the conditions for slow-rolling have expired, the condition e ~ 1 
can be applied. For the power-law potential of the form V = (\/n)Mp~ n (j) n , and from 
(I4.13p . the condition e ~ 1 gives 

/ n 3 \ 1/n 

^end ~ f^j M p , (4.22) 

which for the quadratic potential (n = 2 and AMj> = m 2 ) gives e „d ~ (2/£) 1//2 M|,/m. 
For the the values we considered above for m and £, it is found <p en d ~ 10~ 5 Mp. 
Applied to the Higgs potential n = 4, </w ~ 2M P /(£A) 1/4 w 10" 5 M P (for A ~ 0.2 
and £ ~ 10 20 ). One interesting aspect of this model, is that unlike the simplest single- 
field models of inflation (that require super-Planckian field values, <fi > M p ), in the 
present model one does not need a large scalar field to develop the necessary number 
of e-foldings of inflation. 



5 Qualitative analysis of predictions 

In this section we present some qualitative arguments that favor the present model as 
phenomenologically viable inflationary model. Most of the estimates are rough and 
the results are given for the choice of the parameters used in previous section, but 
this not rule out another choice of parameters that might fit the observations. The 
parametrization of slow roll models by e and r\ enables one to explore some predictive 
consequenses for observables without assuming specific model (at least in firs order 
approximation). Each model predicts the slow roll parameters, and in our case some 
characteristics of the kinetic coupling are present in the slow roll parameters, which 
allow to predict the observables. As will be seen bellow, the smallness of the slow roll 
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parameters justify the approximation used here to express the scalar spectral index 
though e and 77. 

From (I4.15P it follows for the quadratic potential V = l/2m 2 2 

M 4 V' 2 8M 4 

where 0o is the value of the scalar field during inflation. Using £F m 1.8(10Tet> )~ 2 , 
m « 5 x l(T 6 Mp and <p ~ 10" 4 M P , gives e « 8 x 1(T 3 . 
For the 77 parameter it follows 

_ M 4 ^" 2M 4 
77 ~ 6^FV 2 ~ 3£Fm 2 4 ^ 5 ' 2 ^ 

replacing the above values, gives 2.7 x 10~ 3 . 

To first order and using the standard slow roll analysis, for the case under consid- 
eration the results are modified by the kinetic coupling, allowing for observationally 
distinct signatures, which are encoded at least in first approximation, in the depen- 
dence of the slow roll parameters on the potential and the coupling as given by (14.151) . 
To lowest order in the slow roll parameters, we will consider the scalar spectral index 
in the form (see [36] for the definition and behavior of the scalar power spectra) 

n s = 1 - 6e + It] (5.3) 

Although this approximation is based on the non minimally coupled scalar field, the 
inequality: 9£,H 2 F<fi 2 « 1 (valid during inflation, see (14.11) ) allows us to use this 
approximation as follows from (12.61) . For the quadratic potential, from the above 
values it is obtained n s ~ 0.96. For the Higgs potential, and using the values: £F ~ 
0.68(10 3 Tew)- 2 , 0o ~ 6.25 x 10~ 4 M P and A ~ 0.2, it is obtained 

16M 4 , , 

3.4 x 10~ 3 (5.4) 



v 



and 

8M 4 e 

r?=- v — = - « 1.7 x 10~ 3 5.5 

' A£F0 6 2 v ; 

and the scalar spectral index takes the value n s = 1 — 5e w 0.98 which is very close 
to the scale invariance value (n s = 1) [36], [37]. So the above choice of the fields and 
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parameters during inflation (that give an appropriate number of e-foldings N ~ 60) 
gives an scalar spectral index in the observational range. 

After the inflation ends, the scalar field moves towards its vev and typically oscillates 
before settling down. To reach this conclusion in the present model, let's write Eq. 
gaD as 

1 dF V 

* +3H4,+ 2F^ + m^ =0 (5 - 6) 

writing the last term in Eq. (15. 6p as V' e iu and the third term as l/2(c?(log F)/db)<j) = 
T^tp, then the Eq. (15. 6p can be rewritten as 

4> + 3H<j) + r> + vl ss = (5.7) 

similar equation is used to describe the semi classical evolution of decaying scalar field 
(see [SH], [SH])- If we initially neglect the third term, then the scalar field just after 
inflation begins executing oscillations, which are damped by the "friction" term 3H<p. 
Once the amplitude of oscillations start decreasing at enough rate, the energy density 
of the scalar field begins to be transferred to other matter fields and the reheating 
takes place (see [39])). Concerning the third term in Eq. (15. 7p . it plays a role similar 
to the second term. The justification for ignoring this term initially, is that we 
considered that the time magnitude associated with this term (i.e. T^ 1 , which could 
be interpreted as the life time of the Higgs boson associated with 0) is much greater 
than H -1 . Depending on the magnitude of this term it would influence the effect 
of the "friction" term and the transition to the reheating regime becomes more or 
less efficient, but the description of the reheating process requires the coupling of the 
inflaton to other matter fields. This term could also be interpreted as describing the 
decay of the inflaton into its own modes due to the gravitational and self interactions. 



6 Discussion 

Despite the success of the inflationary paradigm in resolving the problems of the stan- 
dard big bang model and in providing a mechanism for the formation of structures in 
the universe, there is no universally accepted model for inflation, and many different 
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inflationary scenarios have been proposed. Moreover, it has not been possible to un- 
ambiguously identify the inflaton with any known field from a particle physics theory. 
A comparison of the inflationary models with observations has been made possible 
in recent years by the discovery of anisotropies in the cosmic microwave background 
PQ. In the present paper, we study a scalar field model with non- minimal kinetic 
coupling to the scalar field, and to scalar and Ricci curvature terms, and considered 
quadratic and Higgs type potentials. For power-law potentials in terms of the scalar 
field, the model presents exponential and power-law inflationary solutions without 
slow-roll conditions. It was also shown that the model produces a successful slow 
rolling inflation, without exceeding the quantum gravity bound. For the quadratic 
potential we can get enough inflation provided m is small enough as required form 
observational limits on the size of density perturbations, and the value of the scalar 
field at the end of inflation has an appropriate value for the standard model of particle 
theory. In the case of the Higgs potential, we have used for the self coupling the value 
A ~ 0.2 (which is in the range set by current high energy physics experiments [40J) 
and obtained the appropriate number of e-folds (N ~ 60) for small enough inflaton 
field, and at the end of inflation the field may have also an appropriate value accord- 
ing to the high energy particle theory. Thus, one important property of the inflation 
under this kinetic coupling is that the values of the fields at the end of inflation al- 
lows to recover the connection with particle physics. We have also presented some 
qualitative calculations that give estimates about the scalar spectral index, showing 
that the model is phenomenologically viable as inflationary model. Its worth mention 
that the classical equation of motion for the scalar field contains a decaying-like term, 
usually introduced phenomenologically to account for the reheating or obtained in a 
semi classical approach [38], [39]. In our case this term would make the reheating 
process more or less efficient and would describe the decay of the inflaton field into its 
own lighter modes. All these observations lead us to conclude that the implications 
of this model deserve a deeply study. 



13 



Acknowledgments 

This work was supported by in part by the SENECA Foundation (Spain), program 
PCTRM 2007-2010. 

References 

[1] E. Komatsu et al, Astrophys. J. Suppl. 180, 330 (2009); arXiv:0803.0547 [astro- 
ph] 

[2] A. H. Guth, Phys. Rev. D 23, 347 (1981). 
[3] A.D. Linde, Phys. Lett. B 108 (1982) 389. 

[4] A. Albrecht and P.J. Steinhardt, Phys. Rev. Lett. 48 (1982) 1220. 

[5] A. D. Linde, Particle Physics and Inflationary Cosmology, Harwood Academic, 
Switzerland (1990). 

[6] A. R. Liddle and D. H. Lyth, Phys. Rep. 231, 1 (1993). 

[7] A. D. Linde, Phys. Lett. B 129 (1983) 177. 

[8] C. Armendariz-Picon, T. Damour and V. F. Mukhanov, Phys. Lett. B 458, 209 
(1999) arXiv:hep-th/9904075. 

[9] L. H. Ford, Phys. Rev. D 40, 967 (1989). 

[10] T. S. Koivisto and D. F. Mota, JCAP 0808, 021 (2008); arXiv:0805.4229 [astro- 
ph] 

[11] A. Golovnev, V. Mukhanov and V. Vanchurin, JCAP 0806, 009 (2008); 
arXiv:0802.2068 [astro-ph]; JCAP 0811, 018 (2008) arXiv:0810.4304 [astro-ph]. 

[12] M. Kawasaki, M. Yamaguchi and T. Yanagida, Phys. Rev. Lett. 85, 3572 (2000); 
arXiv:hep-ph/0004243. 



14 



[13] S. C. Davis and M. Postma, JCAP 0803, 015 (2008); arXiv:0801.4696 [hep-ph]. 

[14] R. Kallosh and A. Linde, arXiv: 1008.3375 [hep-th] 

[15] R. Kallosh, Lect. Notes Phys. 738,119 (2008); c0702059. 

[16] L. N. Granda, JCAP 07, 021 (2010); arXiv: 1005.2716 [hep-th] 

[17] J. F. Donoghue, Phys.Rev. D50, 3874 (1994); gr-qc/9405057 

[18] Hong Liu and A. A. Tseytlin, Nucl. Phys. B 533, 88 (1998); hep-th/9804083 

[19] S. Nojiri and S.D. Odintsov, Phys. Lett. B444, 92 (1998); hep-th/9810008 

[20] E. Elizalde, S. Nojiri and S.D. Odintsov, Phys. Rev. D70, 043539 (2004); hep- 
th/0405034 

[21] S. Nojiri and S.D. Odintsov; arXiv:1011.0544 [hep-th] 

[22] Luca Amendola, Phys. Lett. B301, 175 (1993); gr-qc/9302010 

[23] S. Capozziello, G. Lambiase, Gen. Rel. Grav. 31, 1005 (1999); gr-qc/9901051 

[24] S. Capozziello, G. Lambiase, H.- J. Schmidt, Annalen Phys. 9, 39 (2000); gr- 
qc/9906051 

[25] C. Germani and A. Kehagias, arXiv:1003.2635[hep-ph] 

[26] Scott F. Daniel and Robert R. Caldwell, Class. Quant. Grav 24, 5573 (2007); 
arXiv:0709.0009[gr-qc] 

[27] S.V. Sushkov, Phys. Rev. D80, 103505 (2009); arXiv:0910.0980 

[28] E.N.Saridakis, S.V.Sushkov, Phys. Rev. D81, 083510 (2010); arXiv:1002.3478 

[29] C. Gao, JCAP 06, 023 (2010); arXiv: 1002.4035 [gr-qc] 

[30] D.A. Easson, S. Mukohyama and B.A. Powell, Phys. Rev. D81, 023512 (2010); 
arXiv:0910.1353 



15 



[31] S Nojiri, S D Odintsov and P.Tretyakov, Prog. Theor. Phys. Suppl. 172, 81, 
2008; arXiv:0710.5232. 

[32] G. Cognola, E. Elizalde, S. Nojiri, S.D. Odintsov, L. Sebastiani, and S. Zerbini, 
Phys. Rev. D 77, 046009 (2008); arXiv:0712.4017 [hep-th] 

[33] S. Nojiri and S. D. Odintsov, arXiv:1008.4275vl [hep-th] 

[34] E. Elizalde, S. Nojiri, S. D. Odintsov and D. Saez-Gomez, arXiv: 1006.3387 [hep- 
th] 

[35] L. N. Granda, JCAP 07, 006 (2010); arXiv:0911.3702 [hep-th] 

[36] A. R. Liddle, D. H. Lyth, 2000, Cosmological inflation and large-scale structure 
(Cambridge University Press) 

[37] H. V. Peiris et al, Astrophys. J. Suppl. 148, (2003) 213; astro-ph/0302225 

[38] P. J. Steinhardt and M. S. Turner, Phys. Rev. D29, 2162 (1984) 

[39] L. A. Kofman, A. D. Linde, and A. A. Starobinsky, preprint IfA-97-28, SU-ITP- 
97-18 (1997), hep-ph/9704452. 

[40] C. Amsler et al. [Particle Data Group], Phys. Lett. B 667, 1 (2008). 



16 



